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Clinical PerspectiveWhat Is New?This is the first study to evaluate short‐term heart rate variability (HRV) testing for the detection of myocardial ischemia in individuals with low to intermediate pretest probability for coronary artery disease (CAD) in the setting of a large prospective multicenter clinical study.Low HRV, assessed using the HeartTrends DyDx algorithm, was shown to be independently associated with a 2‐fold increased risk for the presence of myocardial ischemia is individuals without known CAD.HRV testing was shown to provide incremental diagnostic yield to traditional CAD risk factors and to exercise stress testing for the detection of myocardial ischemia.What Are the Clinical Implications?Short‐term HRV testing with the HeartTrends DyDx algorithm can be used as a novel digital‐health modality for enhanced detection of myocardial ischemia in patients without known CAD.The test can be used in conjunction with traditional cardiovascular risk factors to identify individuals without known CAD who have an increased likelihood for the presence of myocardial ischemia.In the era of wearable digital monitoring devices and increased interest in personalized approaches to risk assessment, HRV may provide useful information to direct lifestyle change and to monitor general health status.

 {#jah34691-sec-0009}

Coronary artery disease (CAD) is a major public health problem accounting for the majority of deaths in the United States.[1](#jah34691-bib-0001){ref-type="ref"} Patients are frequently asymptomatic or exhibit nontypical symptoms until ischemic heart disease manifests itself as sudden cardiac death or myocardial infarction. Detecting significant CAD in patients without known disease is complex and relies on combined assessment of traditional cardiovascular risk factors, clinical symptoms, and noninvasive testing. Exercise stress testing (EST) is the most commonly used modality for CAD assessment, but, because of its limited ability to correctly diagnose myocardial ischemia, it is not recommended for screening in the general population~.~ [2](#jah34691-bib-0002){ref-type="ref"}, [3](#jah34691-bib-0003){ref-type="ref"}, [4](#jah34691-bib-0004){ref-type="ref"}, [5](#jah34691-bib-0005){ref-type="ref"} Accordingly, additional noninvasive modalities with superior sensitivities are necessary for CAD screening and evaluation in individuals without known disease.

Heart rate variability (HRV) values have been shown to be low in patients with CAD, and low HRV has been shown to be an independent predictor of cardiovascular mortality and sudden cardiac death.[6](#jah34691-bib-0006){ref-type="ref"}, [7](#jah34691-bib-0007){ref-type="ref"}, [8](#jah34691-bib-0008){ref-type="ref"}, [9](#jah34691-bib-0009){ref-type="ref"}, [10](#jah34691-bib-0010){ref-type="ref"}, [11](#jah34691-bib-0011){ref-type="ref"}, [12](#jah34691-bib-0012){ref-type="ref"}, [13](#jah34691-bib-0013){ref-type="ref"} Prior data from 2 studies suggest that low HRV, as assessed by the HeartTrends algorithm, may provide a higher sensitivity for CAD detection compared with conventional EST.[14](#jah34691-bib-0014){ref-type="ref"}, [15](#jah34691-bib-0015){ref-type="ref"}

The multicenter prospective HRV‐DETECT (Heart Rate Variability for the Detection of Myocardial Ischemia) study was designed to evaluate the independent association of HRV with the presence of myocardial ischemia among 1043 patients without known CAD who underwent evaluation for the presence of myocardial ischemia. We hypothesized that HRV testing, using the new HeartTrends algorithm, may provide incremental risk stratification data to traditional cardiovascular risk factors and EST for the detection of subclinical or early ischemia in patients without known CAD, possibly permitting more timely detection and earlier intervention in this population.

Methods {#jah34691-sec-0010}
=======

The data that support the findings of this study are available from the corresponding author upon reasonable request.

Study Population {#jah34691-sec-0011}
----------------

The HRV‐DETECT study is composed of 2 parallel multicenter prospective studies, designed to evaluate the independent association between HRV testing, using the HeartTrends algorithm, and the presence of myocardial ischemia, as detected by either positive exercise stress echocardiography (eSE) (study 1 \[NCT02201017\]) or positive exercise myocardial perfusion imaging (eMPI) test (study 2 \[NCT01657006\]).

Between May 2014 and April 2018 we prospectively enrolled 1151 patients without known CAD who underwent eSE or eMPI in 4 tertiary medical centers from the United States (Mayo Clinic in Arizona and Minnesota) and Israel (Sheba Medical Center and Shaarei Zedek Medical Center). Inclusion criteria were the presence of: (1) at least 1 CAD risk factor (diabetes mellitus, hypertension, smoking, positive family history, and/or dyslipidemia) in asymptomatic patients referred for cardiovascular risk assessment; or (2) chest pain syndromes or equivocal/equivalent angina with low to intermediate pretest probability for CAD. Detailed inclusion and exclusion criteria are presented in Table [S1](#jah34691-sup-0001){ref-type="supplementary-material"}. Of the 1151 enrolled patients, 67 had uninterpretable Holter results and 31 did not complete the EST. Thus, the final study sample for the present analysis comprised 1043 patients, of whom 612 (59%) underwent evaluation using eSE and 431 (41%) were evaluated using eMPI.

The 2 studies were approved by the institutional review boards of all participating centers and all patients provided informed consent before enrollment.

Study Design {#jah34691-sec-0012}
------------

The design of the HRV‐DETECT study is presented in Figure [1](#jah34691-fig-0001){ref-type="fig"}. Eligible and consenting patients underwent a 1‐hour period of digital Holter ECG recording for the purpose of accurate heart rate recording. Application of ECG electrodes was performed by medical technicians following standard recommendations, using approved Holter stickers. The 1‐hour Holter ECG data were used for the HRV analysis by the HeartTrends algorithm. Subsequently, all patients underwent standard EST together with either echocardiography or myocardial perfusion imaging. The decision to perform eSE or eMPI was left to the discretion of the referring physician. Both tests were performed according to established American College of Cardiology/American Heart Association (AHA) clinical practice guidelines.[3](#jah34691-bib-0003){ref-type="ref"}

![Flow diagram of the HRV‐DETECT (Heart Rate Variability for the Detection of Myocardial Ischemia) study design. CAD indicates coronary artery disease; EST, exercise stress test; HRV, heart rate variability; MPI, myocardial perfusion imaging.](JAH3-8-e014540-g001){#jah34691-fig-0001}

An independent core laboratory comprising 3 cardiologists experienced in echocardiogram readings blinded to the results of the HRV and the clinical characteristics of enrolled patients adjudicated the EST and stress echocardiograms. Similarly, a separate independent core laboratory comprising 3 cardiologists experienced in nuclear medicine adjudicated the myocardial perfusion imaging results. Analysis of the recorded Holter data by the HeartTrends algorithm was performed in an offline fashion, blinded to the EST and imaging results.

The results of the HeartTrends algorithm were not available to the treating physicians and were not used to guide management.

HRV Algorithm {#jah34691-sec-0013}
-------------

The Multipole method has been described in detail elsewhere.[16](#jah34691-bib-0016){ref-type="ref"}, [17](#jah34691-bib-0017){ref-type="ref"} Briefly, the Multipole HRV analysis is a new way of investigating the Poincaré Plot from complex time series. The algorithm interprets the Poincaré Plot as a 2‐dimensional body, where each data point in the plot is assigned a unit mass to describe the total mass distribution within the plot. The measures obtained from these kinds of analyses bear intrinsic time dependence because of the construction of the plot as opposed to SD of the normalized NN interval analysis, which does not include any time ordering (shuffling the RR intervals lead to the same value for SD of the normalized NN interval). The Multipole method, as do other Poincaré plot indices, derive information from both the time and frequency domains, as well as reflect increased randomness in the RR interval time series.

From the detrended RR time series the algorithm calculates different multipoles----quadrupoles, octoupoles, and hexadecapoles----and derives the new HRV parameter DyDx. Quadrupoles describe the overall distribution of data points in the Poincaré Plot, ie, the shape of the plot. DyDx calculates the ratio between the peak density on the *y* axis (Dy) and the *x* axis (Dx), respectively. A more detailed description of the technical aspects of the HeartTrends device is provided in Data [S1](#jah34691-sup-0001){ref-type="supplementary-material"}.

Definitions and Outcomes Measures {#jah34691-sec-0014}
---------------------------------

EST was defined as positive per AHA guidelines.[18](#jah34691-bib-0018){ref-type="ref"}, [19](#jah34691-bib-0019){ref-type="ref"} The main ST‐segment criteria included ≥1 mm of horizontal or downsloping ST‐segment depression ≥80 ms after the J point (as compared with the level of the PQ interval) for 3 consecutive beats or ST‐segment elevation ≥1 mm in a non--Q‐wave lead other than V1 or AVR. Additional non--ST‐segment ECG and clinical criteria for a positive EST test were implemented per AHA guidelines for exercise stress testing.[18](#jah34691-bib-0018){ref-type="ref"}, [19](#jah34691-bib-0019){ref-type="ref"}

Myocardial perfusion imaging was defined as positive when the amount of myocardial ischemia was \>5% of the myocardium.

Stress echocardiograms were assessed as follows: segmental wall motion was evaluated and scored using the method by the American Society of Echocardiography[4](#jah34691-bib-0004){ref-type="ref"} as normal (score of 1), hypokinetic (score of 2), akinetic (score of 3), or dyskinetic (score of 4). A wall motion score index was derived by summation of individual segment scores divided by the number of interpreted segments. Inadequately visualized segments were not scored. A final wall motion score index was derived for rest and peak stress echocardiograms by consensus between the 2 observers. If consensus in reading stress echocardiography study could not be reached, the judgment of a third observer was obtained. A stress echocardiography test was considered positive when new or worsening of preexisting wall motion abnormality was observed. Only echocardiographic criteria (new or worsening wall motion abnormality) were considered as positive tests.[4](#jah34691-bib-0004){ref-type="ref"}

The HRV score, as assessed by the HeartTrends algorithm, was dichotomized using receiver operating characteristic (ROC) analysis based on sensitivity and specificity as low versus high in the primary analysis, and was also assessed as a continuous measure and categorized by quartiles in 2 additional secondary analyses.

Statistical Analysis {#jah34691-sec-0015}
--------------------

We evaluated the association of the HeartTrends HRV algorithm with the presence of significant myocardial ischemia as detected by a positive eSE or eMPI (defined above). The sample size was calculated to show an independent association between HRV with the presence of significant myocardial ischemia. With an expected event rate of 5%, we estimated that a sample of 1000 patients would be required to detect an odds ratio of 1.6 for HRV as a binary predictor of myocardial ischemia with \>80% power, using 2‐sided 0.05 level tests and assuming a 10% dropout rate and uninterpretable tests.

To identify the optimal decision threshold of HRV result for myocardial ischemia, ROC analysis was performed, and the best threshold was selected based on sensitivity and specificity. Baseline clinical characteristics of study patients were assessed by HRV. Continuous variables were compared using *t* test or Kruskal--Wallis test as appropriate for normal/nonnormal, distributed, continuous variables and expressed as mean±SD/median (interquartile range). Categorical variables were assessed using chi‐square test or Fisher exact test, when at least 1 of the cells in the table had an expected number \<5.

Multivariate regression analysis was used to assess the association of HRV, assessed as a continuous measure, with the presence of myocardial ischemia, as detected by eSE and eMPI. Multivariate logistic regression modeling was used to evaluate HRV as a categorical measure. Modeling was performed in 3 steps. Model 1 included only CAD risk factors; in model 2, HRV was added to the CAD covariates of model 1; and in model 3, the EST results and resting heart rate were added to the covariates of model 2 to assess the independent association of HRV with the presence of myocardial ischemia after further adjustment for EST and heart rate. The most appropriate predictive model for myocardial ischemia was selected using a stepwise algorithm based on Akaike information criterion. Pretest and posttest probabilities for the presence of myocardial ischemia were calculated by assessing the rate of myocardial ischemia among patients with 1, 2, and 3 CAD risk factors, before and after adding HRV as an additional risk factor. Area under the curve analysis was used to compare the effect of HRV on the improvement in the detection of myocardial ischemia with conventional CAD risk factors and EST, with Delong testing used for detecting differences in the area under the curve.

Sensitivity analyses were performed by bootstrapping: (1) the ROC analysis for the identification of the optimal HRV threshold; and (2) for the assessment of the association between HRV and the presence of myocardial ischemia in models 2 and 3. For this purpose, 100 bootstrap samples were generated. Bland‐Altman analysis was used to evaluate the consistency of the HeartTrends algorithm derived from the 1‐hour Holter data to the results derived from 20‐minute recordings. Analyses were performed using SAS software (version 9.30; SAS Institute).

Results {#jah34691-sec-0016}
=======

The mean age of the 1043 study participants was 61 years (±10 years) and 56% were men. All patients had low to intermediate pretest probability for CAD, with a relatively high frequency of cardiovascular risk factors, including hypertension (45%), diabetes mellitus (17%), dyslipidemia (51%), and a family history of CAD (49%).

ROC analysis identified a DyDx HRV value of 2.6 as being optimal for detection of myocardial ischemia among study patients. Thus, 433 study patients (42%) had low HRV (≤2.6) and 610 study patients (58%) had high HRV (\>2.6). Baseline characteristics of study patients by low versus high HRV are shown in Table [1](#jah34691-tbl-0001){ref-type="table"}. Patients with low HRV had a significantly higher frequency of known CAD risk factors, including older age, hypertension, diabetes mellitus, and dyslipidemia, and were likely to be treated with cardiovascular medications.

###### 

Baseline Clinical Characteristics by HRV

  Variable                                                                                  Low HRV (≤2.6)      High HRV (\>2.6)    *P* Value
  ----------------------------------------------------------------------------------------- ------------------- ------------------- -----------
  HRV result, median (IQR)                                                                  1.78 (1.74--1.95)   3.21 (2.88--3.56)   \<0.001
  Age, median (IQR)                                                                         64 (57--70)         60 (51--67)         \<0.001
  Age ≥65, y                                                                                236 (51)            186 (32)            \<0.001
  Men                                                                                       248 (54)            336 (58)            0.18
  Hypertension                                                                              242 (52)            231 (40)            \<0.001
  Diabetes mellitus                                                                         109 (24)            66 (11)             \<0.001
  Dyslipidemia                                                                              260 (56)            273 (47)            0.004
  Family history of CAD                                                                     243 (53)            270 (47)            0.066
  PVD                                                                                       7 (2)               6 (1)               0.68
  Past TIA or CVA                                                                           6 (1)               9 (2)               0.68
  Past/current smoker                                                                       240 (52)            303 (52)            0.93
  Medications                                                                                                                       
  ACEIs                                                                                     37 (8)              39 (7)              0.51
  ARBs                                                                                      38 (8)              27 (5)              0.03
  β‐Blockers                                                                                75 (16)             66 (11)             0.03
  CCBs                                                                                      44 (10)             39 (7)              0.13
  Statins                                                                                   162 (35)            128 (22)            \<0.001
  Diuretics                                                                                 20 (4)              15 (3)              0.17
  EST results                                                                                                                       
  Ischemic                                                                                  36 (8)              45 (8)              1.00
  Borderline/ ischemic                                                                      46 (10)             67 (12)             0.48
  Noninvasive imaging test for myocardial ischemia[a](#jah34691-note-0004){ref-type="fn"}                                           
  Definitely ischemic                                                                       47 (11)             19 (3)              0.002
  Nonischemic                                                                               369 (85)            572 (93)            
  Possibly ischemic                                                                         18 (4)              19 (4)              

Data are shown as number (percentage) unless otherwise indicated. ACEIs indicates angiotensin‐converting enzyme inhibitors; ARBs, angiotensin receptor blockers; CAD, coronary artery disease; CCBs, calcium channel blockers; CVA, cerebrovascular accident; EST, exercise stress test; HRV, heart rate variability; IQR, interquartile range; PVD, peripheral vascular disease; TIA, transient ischemic attack.

Patients underwent either stress myocardial perfusion imaging or stress echocardiography for the evaluation of ischemia.

Association Between HRV and the Presence of Myocardial Ischemia {#jah34691-sec-0017}
---------------------------------------------------------------

Myocardial ischemia, as detected by positive eSE or eMPI, was present in 66 (6.3%) patients. The frequency of myocardial ischemia was significantly higher among patients with low HRV (11%) as compared with those with high HRV (3%, *P*=0.002) (Table [1](#jah34691-tbl-0001){ref-type="table"}). Accordingly, low HRV was associated with a sensitivity of 71% for the detection of myocardial ischemia, a specificity of 60%, a positive predictive value of 11%, and a negative predictive value of 97%.

Consistent with those findings, multivariate analysis showed that low HRV was independently associated with the presence of myocardial ischemia. When dichotomized at the identified cutoff of 2.6, multivariate logistic regression analysis showed that low HRV was independently associated with a 2‐fold (*P*=0.01) increased likelihood for the presence of myocardial ischemia after adjustment for CAD risk factors as compared with high HRV (model 2 in Table [2](#jah34691-tbl-0002){ref-type="table"}). Furthermore, when HRV was assessed as a continuous measure, multivariate regression analysis showed that each single unit reduction in HRV was independently associated with a corresponding 52% (odds ratio, 1.52; 95% CI, 1.11--2.13 \[*P*=0.02\]) increased likelihood for the presence of myocardial ischemia. Additional factors shown to be independently associated with the presence of myocardial ischemia in the multivariate models were age and a family history of CAD (Table [2](#jah34691-tbl-0002){ref-type="table"}).

###### 

Multivariate Logistic Regression Analysis: Independent Predictors of Myocardial Ischemia Detected by Noninvasive Testing

  Variable                                    Model 1             Model 2   Model 3                                          
  ------------------------------------------- ------------------- --------- ------------------- ------- -------------------- ------
  Age (per y)                                 1.05 (1.02--1.07)   0.002     1.04 (1.01--1.07)   0.004   1.04 (1.01--1.07)    0.01
  Men (vs women)                              1.31 (0.78--2.21)   0.31      1.32 (0.79--2.24)   0.30    1.07 (0.61--1.89)    0.81
  Hypertension                                1.01 (0.58--1.73)   0.99      1.00 (0.58--1.71)   0.99    0.93 (0.52--1.64)    0.79
  Diabetes mellitus                           1.64 (0.88--2.95)   0.11      1.48 (0.79--2.67)   0.21    1.40 (0.72--2.61)    0.31
  Family history of CAD                       2.11 (1.26--3.65)   0.01      2.05 (1.22--3.55)   0.01    2.09 (1.21--3.73)    0.01
  Positive HRV (≤2.57)                                                      2.00 (1.41--2.89)   0.01    2.04 (1.46--2.92)    0.01
  Resting heart rate (per 1‐unit increment)                                                             1.00 (0.98--1.03)    0.65
  Positive EST                                                                                          7.03 (3.67--13.24)   0.01

CAD indicates coronary artery disease; EST, exercise stress test; HRV, heart rate variability; OR, odds ratio.

Use of HRV to Improve Pretest Probability for the Detection of Myocardial Ischemia {#jah34691-sec-0018}
----------------------------------------------------------------------------------

We further assessed whether including HRV in the risk assessment would improve the pretest probability for the presence of myocardial ischemia based on traditional CAD risk factors, including age, hypertension, and a family history of CAD (Figure [2](#jah34691-fig-0002){ref-type="fig"}). This analysis showed that, among patients with none of the above CAD risk factors, the pretest probability for myocardial ischemia was 3%. Adding low HRV to the risk assessment increased the posttest probability in patients with no CAD risk factors to 4.2%, whereas high HRV reduced the posttest probability to 1.8%. Among patients with 3 CAD risk factors, the pretest probability for myocardial ischemia was 12%. Adding low HRV to the risk assessment in this higher‐risk cohort increased the posttest probability to 16%, whereas high HRV reduced the posttest probability to 7%, suggesting that HRV can be used to improve conventional CAD risk assessment (Figure [2](#jah34691-fig-0002){ref-type="fig"}). Area under the curve analysis yielded consistent findings, demonstrating that adding HRV to individual CAD risk factors (Figure [3](#jah34691-fig-0003){ref-type="fig"}A through [3](#jah34691-fig-0003){ref-type="fig"}C), or to all CAD factors combined (Figure [3](#jah34691-fig-0003){ref-type="fig"}D), was associated with a significant improvement in the sensitivity and specificity for the detection of myocardial ischemia.

![Posttest probability for myocardial ischemia by heart rate variability (HRV). CAD indicates coronary artery disease.](JAH3-8-e014540-g002){#jah34691-fig-0002}

![Comparison of area under the curve (AUC) for coronary artery disease (CAD) risk factors before and after the addition of heart rate variability (HRV) by: (**A**) age; (**B**) diabetes mellitus; (**C**) family history of CAD; and (**D**) comparison of model 2 (CAD risk factors without HRV) and model 3 (CAD risk factor+HRV)\*. \**P* values were assessed using Delong tests.](JAH3-8-e014540-g003){#jah34691-fig-0003}

Comparison of Diagnostic Yield of EST and HRV for the Detection of Myocardial Ischemia {#jah34691-sec-0019}
--------------------------------------------------------------------------------------

Compared with HRV, EST was associated with a lower sensitivity of 30% but with a higher specificity of 94% for the detection of myocardial ischemia. Combined assessment of HRV and EST in the same multivariate model showed that both tests were independently associated with the presence of myocardial ischemia (model 3 in Table [2](#jah34691-tbl-0002){ref-type="table"}). Furthermore, area under the curve analysis showed that the addition of HRV to EST was associated with a significant improvement in the sensitivity and specificity of EST for the detection of myocardial ischemia (Figure [4](#jah34691-fig-0004){ref-type="fig"}).

![Comparison of area under the curve (AUC) for exercise stress test (EST) before and after the addition of heart rate variability (HRV).\* \**P* values were assessed using Delong tests.](JAH3-8-e014540-g004){#jah34691-fig-0004}

Model Stability and Sensitivity Analyses {#jah34691-sec-0020}
----------------------------------------

Bootstrapping the ROC analysis for the identification of the optimal threshold HRV showed a high correlation with the identified threshold of 2.6. Bootstrapping also demonstrated considerable stability in the association of HRV with the presence of myocardial ischemia.

We also evaluated the consistency of the HRV results derived from the HeartTrends algorithm using 1‐hour Holter recording versus data derived from 20‐minute recordings. Bland‐Altman analysis of the Holter ECG data for mean difference and 95% CIs yielded a *P* value of 0.0003 after 20 minutes (Figure [S1](#jah34691-sup-0001){ref-type="supplementary-material"}), suggesting that this shorter interval may also be adequate for data analysis. The full 60 minutes of data were used for the current study.

Discussion {#jah34691-sec-0021}
==========

To our knowledge, this is the largest prospective multicenter clinical study to evaluate the association of HRV with the presence of myocardial ischemia in individuals without known CAD. Our findings provide several important clinical implications regarding risk assessment for myocardial ischemia in this population. We have shown that: (1) low HRV is independently associated with the presence of myocardial ischemia after adjusting for known CAD risk factors; (2) the addition of HRV to conventional CAD risk assessment is associated with a significant improvement in the probability for the detection of myocardial ischemia; and (3) the independent association between HRV and the risk of myocardial ischemia remains consistent even after adjustment for EST results. Furthermore, HRV was shown to improve the diagnostic yield of EST for the detection of myocardial ischemia. These findings suggest that HRV can be used to improve risk stratification among patients with low to intermediate pretest probability for CAD, providing incremental data to traditional cardiovascular risk factors and exercise stress testing.

Traditional Risk Assessment for CAD {#jah34691-sec-0022}
-----------------------------------

Cardiovascular disease results in 1 of every 3 deaths in the United States, or ≈800 000 per year.[20](#jah34691-bib-0020){ref-type="ref"} CAD accounts for more than half of all cardiovascular events in adults younger than 75 years and is the leading cause of death.[1](#jah34691-bib-0001){ref-type="ref"} Among those who die suddenly of CAD, more than half have no antecedent symptoms.[1](#jah34691-bib-0001){ref-type="ref"} In addition, myocardial infarction is frequently silent, causing no recognized symptoms but negatively affecting prognosis.[21](#jah34691-bib-0021){ref-type="ref"}, [22](#jah34691-bib-0022){ref-type="ref"} This has resulted in screening programs designed to identify CAD before it manifests clinically, with EST being the most widely used modality in screening programs.[23](#jah34691-bib-0023){ref-type="ref"} However, EST was not shown to provide incremental benefits to risk assessment that is based on traditional cardiovascular risk factors, such as age, sex, lipid levels, blood pressure, smoking status, and presence of diabetes mellitus, and its benefits were not shown to outweigh its possible harms and costs.[24](#jah34691-bib-0024){ref-type="ref"} Therefore, the American College of Physicians and other groups recommend against screening low‐ and intermediate‐risk adults without known CAD with EST or more advanced modalities such as myocardial perfusion imaging or stress echocardiography.[24](#jah34691-bib-0024){ref-type="ref"} Despite this, inappropriate cardiac testing in low‐risk adults has been identified as one of the most overused clinical practices,[25](#jah34691-bib-0025){ref-type="ref"} possibly attributable to the fact that traditional CAD risk factors are considered by clinical practitioners as insufficient for CAD risk assessment. Accordingly, additional, simpler modalities are needed for improved CAD detection in patients without known disease.

HRV for CAD Risk Assessment {#jah34691-sec-0023}
---------------------------

HRV is an established cardiovascular risk factor. The association of HRV and prognosis, both for all‐cause and cardiovascular mortality, has been studied using ECG at rest, with exercise and in the ambulatory setting. A meta‐analysis by Hillebrand and colleagues[26](#jah34691-bib-0026){ref-type="ref"} found that, using both resting and ambulatory ECG monitoring, lower HRV is associated with a 32% to 45% increased risk of first cardiovascular event in patients without known CAD. Additionally, elevated HRV demonstrates a protective effect, with an increase in SD of the normalized NN interval of 1% resulting in an ≈1% reduction of fatal or nonfatal cardiovascular disease event.

The present study extends prior data on the association between HRV and CAD risk and shows that low HRV, as assessed by the novel HeartTrends algorithm, is significantly associated with the presence of myocardial ischemia in a large population of individuals without known CAD. This association was also evident when HRV was assessed as a continuous measure, wherein each 1‐unit reduction in HRV was independently associated with a corresponding 52% increased likelihood for the presence of myocardial ischemia after adjustment for CAD risk factors. Notably, in the present study low HRV, identified using ROC analysis for sensitivity and specificity, was independently associated with a significant 2‐fold increased likelihood for the presence of myocardial ischemia and improved the pretest probability for the presence of ischemia among patients with 0 to 3 traditional CAD risk factors.

HRV and EST for CAD Risk Assessment {#jah34691-sec-0024}
-----------------------------------

A positive EST was also independently associated with the presence of myocardial ischemia in the present study population but had a lower sensitivity and a higher specificity compared with HRV. These data are consistent with prior reports on the sensitivity and specificity of EST. In a meta‐analysis of 147 consecutively published reports involving 24 074 patients who underwent both coronary angiography and exercise testing revealed wide variability in sensitivity and specificity (mean sensitivity was 68%, with a range of 23% to 100% and an SD of 16%; mean specificity was 77%, with a range of 17% to 100% and an SD of 17%).[27](#jah34691-bib-0027){ref-type="ref"} Furthermore, in the few studies where workup bias was avoided by having patients agree to undergo both procedures, the approximate sensitivity and specificity of 1 mm of horizontal or downward ST depression were 50% and 90%, respectively.[28](#jah34691-bib-0028){ref-type="ref"}, [29](#jah34691-bib-0029){ref-type="ref"} In the present study, EST was associated with a somewhat lower sensitivity and a similar specificity compared with prior reports, possibly attributable to the lower pretest probability for CAD in our study population. In contrast, HRV was associated with higher sensitivity of 71% and a negative predictive value of 97%, but had a lower specificity of 60%. Additionally, HRV testing was shown to significantly improve the diagnostic yield of EST (Figure [4](#jah34691-fig-0004){ref-type="fig"}). These data further support the incorporation of short‐term HRV testing with traditional cardiovascular risk factors for risk assessment in individuals without known CAD, wherein a negative test can effectively be used as an additional noninvasive modality to rule out significant myocardial ischemia in an intermediate‐risk population and a positive test suggests the need for additional CAD evaluation.

Limitations {#jah34691-sec-0025}
-----------

Despite the fact that the present study comprises a large population of patients without known CAD who were prospectively enrolled in a multicenter clinical study, the rate of the primary end point (a positive eSE or eMPI) was only 6%, possibly attenuating the statistical power to detect a statistically significant association with HRV and the presence of myocardial ischemia. However, this event rate was expected in individuals with low to intermediate pretest probability for CAD and formed the basis for the study\'s sample size calculation. Furthermore, despite the relatively low event rate, our results remained statistically significant after multivariate adjustment for traditional CAD risk factors and the EST results, further supporting the consistency of results on the independent association of HRV to the presence of myocardial ischemia.

HRV was shown to be attenuated in noncardiovascular pathological conditions, including respiratory, neurologic, and renal disease.[6](#jah34691-bib-0006){ref-type="ref"} Therefore, it is possible that low HRV may reflect the presence of a noncardiac pathology rather than myocardial ischemia. Accordingly, it is important to incorporate the results of the test with the overall clinical status of the individual and in the context of the presence of additional traditional CAD risk factors.

It should also be noted that the present findings are applicable only to the present study population, comprising patients with a low to intermediate pretest probability for the presence of CAD without the presence of important comorbidities (such as cardiomyopathy, atrial fibrillation, and moderate to severe pulmonary disease), which may be present in patients who are being evaluated for CAD.

Conclusions {#jah34691-sec-0026}
===========

HRV analysis has become an important tool in cardiology because its measurements are noninvasive and easy to perform, have relatively good reproducibility, and provide prognostic information on patients with heart disease. In the era of wearable digital monitoring devices and increased interest in personalized approaches to risk assessment, HRV may provide useful information to direct lifestyle change and monitor general health status. Our study demonstrates that short‐term HRV analysis using remote digital technology can be used for improved risk assessment for myocardial ischemia in individuals without known CAD, providing incremental data to traditional cardiovascular risk factors.
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